Objective: To investigate surgical methods for the removal of larger ear keloids.
INTRODUCTION
Keloids are pathological scars that display unique growth traits, including continuous proliferation and expansion. The ear is a frequent site of keloids. 1 As with keloids that develop in other areas, a major treatment challenge is the high postoperative recurrence rate. In addition, the surgical treatment of ear keloids presents specific challenges. 2 Due to the unique morphology of the ear, the removal strategy for a keloid, especially a large one, must maintain the ear's appearance and integrity. Ear keloids can be treated by customized plans that involve appropriate surgical modalities, post-operative radiotherapy and self-management. 3 Between 2014 and 2016, our department has been employing comprehensive approaches combining surgical resection and early post-operative radiotherapy to treat large ear keloids and has achieved satisfactory outcomes, as detailed below.
PATIENTS AND METHODS

General information
Twenty patients with 35 affected ears, some ears having multiple keloids, were reviewed. The patients, all female aged between 19-39 years with keloids that had developed after ear piercing 2 to 19 years earlier (Table 1 and 2) . The lesions were all located in the upper 1/3 of the auricle or earlobe and had a diameter greater than 2 cm. Eight patients had a history of recurrence after earlier surgical resection or drug treatment. Pathological examination verified that all cases were keloids.
Inclusion criteria
Patients were included in the study if they met the following criteria: (i) keloid of the ear evolving continuously without spontaneous regression for at least 2 years or having relapsed at least once despite previous treatments; (ii) treatment by one of the two surgical excisions; and (iii) minimal follow-up of 12 months after treatment.
Treatment methods
Two surgical methods were used according to the different positions and specific conditions of keloids. For multiple keloids, all lesions were removed in a single operation.
Method A
For solitary, nonpenetrating keloids in the auricle or earlobe, with intact surface skin, the patients were treated with tumour excision followed by in situ scar flap repair. A fusiform incision or X-shaped incision was made in the centre of the keloid to allow bilateral flaps to be lifted, thus exposing the tumour and allowing it to be completely removed. Subsequently, the surface flaps were properly trimmed and sutured to repair the wound area.
Method B
For penetrating lesions or poor surface skin, the patients were treated with wedge resection of the auricular lesion followed by direct suture or local flap repair. A wedge resection was made next to the edge of the keloid and covered the affected cartilage tissue. If the tension was too large, a local flap was applied. A retroauricular flap, with its pedicle being either above or below, was designed on the retroauricular wound edge and was turned forward to cover the exposed cartilage before the upper and lower auricle tissues were advanced for suturing.
Early post-operative radiotherapy
Forty to 80 hours after surgery, all patients received five treatments of local Sr 90 irradiation with a 1-day interval between treatments. The total dose was 25-30 Gy and was determined according to the keloid sizes.
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Assessment criteria for treatment outcome
Treatment outcome was assessed based on a three-level classification system and clinical manifestation. 5 The criteria for cure were as follows: the auricles on both sides were nearly symmetrical and had satisfactory appearance; the original lesion disappeared and the affected area displayed smooth, soft skin of a colour identical or similar to neighbouring areas; the patients did not experience symptoms; and there was no recurrence during a 1-year follow-up. The criteria for improvement were as follows: the auricles on both sides had satisfactory appearance; the original lesion underwent a significant reduction in size; scar softening 60-70%, its hardness had been improved from 'hard' to 'moderate' or 'mild'; and the patients felt an apparent alleviation of the symptoms. An ineffective procedure was identified by the following criteria: the original lesion showed no apparent improvement in size, texture or symptoms.
Data analysis
Statistical analysis was performed using IBM SPSS Statistics 21.0 software (Armonk, NY, USA). Descriptive statistics were used to report patients' baseline characteristics.
RESULTS
All patients exhibited primary wound healing and flap survival. Follow-up visits for 1-3 years showed that 28/35 ears were cured. There were five ears with multiple lesions, and there were no recurrence after surgery. With Method A, six ears were cured, three ears improved, five ears relapsed after 1 year, and one ear recurred within 1 year. With Method B, 17 ears were cured, two ears improved, and one ear recurred within 1 year. For patients showing improvement, a supplemental treatment of betamethasone (diprospan) injection was provided. 6 The injection was performed once every 10 days until all lesions were barely visible. All patients were satisfied with the immediate postoperative appearance (Figs 1,2) .
DISCUSSION
Surgery is a commonly practised therapeutic intervention for removal of ear keloids. Various surgical methods have been reported, including, wedge excision, 3 Z-plasty, 3 the V-Y flap, 3 the keloid fillet flap, 7 the bilayered banner transposition flap 8 and the double-crossed skin flap. 9 It is widely accepted that surgically treated keloids should undergo post-operative adjuvant therapy, including steroid injection and/or radiotherapy. 10 Post-operative external radiotherapy for scars has a long history of greater than 100 years.
The recurrence rate in our study was 20% (7 of 35 keloids); five after 1 year. Early relapse, within 6 months, occurred in 2 patients (5.7%). This is lower than Rosen and colleagues 6 reported recurrence rate of 23% after treatment of keloids with excision and intra-/post-operative injection of steroids. All but 5 patients (87.5%) were satisfied with the post operative appearance; the exception were 5 patients who had multiple lesions. Cryotherapy and pressure therapy are other therapies that should be studied in the future. Har-Shai and colleagues reported that intralesional cryotherapy was effective for earlobe keloids. 11, 12 Tanaydin and colleagues 13 found that custom-made pressure clips after surgical excision were effective. However, we believe that a combination of surgery and post-operative radiation is the fastest way to achieve good aesthetic result with large ear keloids as patients obtain a normal appearance immediately. Method A: tumour excision followed by in situ scar flap repair. Method B: wedge resection of an auricular lesion followed by direct suture or local flap repair.
The treatment can be performed as an outpatient procedure and does not require months to years. Our method is effective in closing the defect and offers advantages over other surgical approaches. After excision of large ear keloids, primary closure may leave tension at the suture site, which is one of the causative factors of recurrence. The in-situ scar flap can efficiently cover the defect without tension. The main limitation of our study is the small sample size. In addition, compared to other studies, our follow-up time was not long. A larger prospective randomized trial (stratified random sampling) and multicentre study would be desirable.
CONCLUSIONS
There is no universally accepted optimal treatment algorithm for large ear keloids. We recommend, for large ear keloids, surgery and post-operative radiotherapy as this effectively reduces post-operative recurrence, preserves good ear appearance and achieves satisfactory outcomes. Method A: tumour excision followed by in situ scar flap repair. Method B: wedge resection of an auricular lesion followed by direct suture or local flap repair.
